Self-Compacting Concrete (SCC) has high potential for wider structural applications in new buildings and reinforcement projects as its outstanding workability and good durability. Compared with conventional concrete, typical Self-Compacting Concrete mixture involves high amounts of binder, high dosage of superplasticizer and complex binder components, and these affects the early age cracking sensitivity of SCC to some extent. In this paper the experimental research on cracking sensitivity of SCC cementitious systems by ring test is described. The cracking sensitivity is evaluated by the age when cracks occur. The ratio of water to cement, type and content of mineral fillers such as fly ash and blast furnace slag (BFS), type and dosage of superplasticizer, varieties of cement are considered as the main factors in this paper. The results help to find how these parameters affect the cracking sensitivity of SCC and give some advice for SCC mix design.
INTRODUCTION

Background
Self-Compacting Concrete has high potential for wider structural applications in the cases as follows: eliminating vibration noises while placing concrete in downtown building sites; placing concrete in highly reinforcement congested areas; using in reinforcement projects to avoid potential damage associated with vibration in old structures.
The advantages of using Self-Compacting Concrete in general new buildings are: labour and time saving, consistent quality placement, long-term structural durability, and furthermore, Self-Compacting Concrete allows increased design flexibility for Engineers and Architects by enabling innovative construction techniques, even explores its new use for sculpture [1] .
SCC is gaining considerable attention all over the world. In China, the research on SCC began in 1996 [2] , since then, various investigations about mix-design methods, fresh stage properties and the mechanical characteristics of SCC have been carried out. And SCC has been used in practical structures, both in the new-built structures and the strengthening in old structures.
However, the application of SCC in China is still on a small scale and most limited in vibration inaccessible cases, there is still a long way ahead to make SCC a standard one. The three main reasons restricted the applications of SCC in a large scale are: first, the material cost of SCC is generally higher than that of conventional concrete. To achieve desirable selfcompacting ability, the SCC mixtures usually contains high amounts of binder and high dosage of superplasticizer, sometimes viscosity-modifying agent (VMA) is adopted. All of these mean supplementary cost, especially to low or medium strength SCC. Secondly, SCC production and placing require trained staff and high level management. Finally, there are still insufficiencies in the research on SCC. With a general lack of good gradation coarse aggregate and effective viscosity-modifying admixture in the market, a typical selfcompacting concrete requires cementitious contents in the range of 420 to 550kg /m 3 , with w/b ratios in the range from 0.25 to 0.40. Such a mixture has a likelihood of high cracking risks. To satisfy the engineering requirements, it is necessary to make a study on the cracking properties of SCC, and find a way out to produce SCC with low cracking sensitivity.
Essentiality of Cementitious System in SCC Cracking
Concrete can be looked as a complicated system, aggregates (include coarse aggregate and fine aggregate) embeded in the cementitious system (include cement, mineral fillers, chemical admixtures and water). Because cementitious system is the most active part of concrete and usually has the greatest effects on concrete properties, its material selection and proper design are also important in obtaining desirable cracking properties for SCC mixtures, so the study on cracking sensitivity of SCC cementitious system is conducted in this paper.
EXPERIMENTAL DETAILS
Raw materials
The most frequently used materials in local pre-mixed concrete plant and construction site are adopted in this test. With these raw materials, SCC has been produced and applied in new buildings and reinforcement projects [3] .
In the investigation, cementitious paste mixtures were prepared with five w/b ratios, three types of fly ash (the HS2 and HN2 are Grade Ⅱ，and the SY1 is Grade Ⅰ), one type of blast furnace slag, five kinds of cements (2 of P.O 42.5,and 3 of P.O 32.5) and four types of superplasticizer. table 1 , the front character in the "item" column "C-" represents cement, "FA-"fly ash, and "BFS " is blast furnace slag. The Blaine surface area of the BFS used in this paper is 4000cm 2 /g.
Experimental Details
Test method
The simplicity of the ring test enables it to be used as a comparative test to screen potential main influencing factors. So the restrained ring test is adopted in this paper. The sensitivity of the cementitious systems of SCC is estimated by cracking age.
The ring specimen is with a 25.4mm high, a 41.3mm inner diameter and an outer diameter of 66.7mm. The mold of the ring specimen in this test is shown in fig. 1 . 
Specimen manufacture
Twelve ring specimens were made in each time, and three ring specimens were made per mixture. The average cracking age of the three specimens was adopted. The water to binder ratios (w/b) of the ring specimens is 0.24 except for a particular notation.
After mixing, the paste was placed in molds, then rodded and placed under a plastic sheet to prevent moisture loss, and maintained at 20℃ for 24 h. The specimens were demolded at the age of 24 h, the top and bottom surfaces of the specimens were sealed immediately after demolding, permitting drying from the circumference only, and then placed in the 30±3℃, 60±5% RH environment.
Data acquisition system
The data acquisition system is shown in Fig. 2 . After demolding, the ring specimens were drew a line along the circumference by 6B lead pencil; Then the two end of the line were connected to a circuit containing numeric ohmmeter and computer, then the resistance of the lead scraped ring specimens were monitored continuously and the data were sent to the computer.
During data collecting, an abrupt change of resistance was observed when cracking occurs. And the period from the time specimens demolded to the time when cracking occurs is the cracking age of the specimens.
EXPRIMENTAL RESULTS
3.1
Effect of water to cement ratio on cracking age A total of 5 batches of specimens with different w/c were cast to determine the effect of w/c on cracking age. The cement used in the test was the "SNLS" (P.O. 42.5-2). The test results are presented in Fig.3 . Fig. 3 shows that the cracking age increases constantly whiles the w/c varies from 0.22 to 0.30, and the differences of cracking age of specimens with 0.26w/c and 0.28w/c and 0.30w/c were higher than those of specimens with 0.22w/c and 0.24w/c and 0.26w/c. It is obvious that the effect of w/c on the cracking age is quite strong. The discrepancy between the lower and higher w/c may attribute to: i) the lower w/c mixtures has a high early age strength and a low relaxing ability, and ii) the autogenous shrinkage of the paste increases with the decreasing in w/c, and then the total shrinkage as well as the cracking sensitivity is increasing.
Effects of mineral fillers on cracking age
In this paper, 3 types of fly ash and 1 type of ground blast furnace slag were considered. The test data of different fly ash content (by weight) with various w/b are shown in Fig.4 and The results show there is a positive correlation between cracking age and fly ash content with different w/c and different fly ash type; the effect of fly ash content on cracking age is very significant; and the increasing amplitude of cracking age is different in different w/c and different fly ash type; and the amplitude of higher w/c is bigger than that of lower w/c, and the amplitude of the Grade Ⅱfly ash is bigger than that of the GradeⅠ.
The mechanism of the improved cracking properties with the utilization of fly ash in SCC may attribute to its generally slower reaction than cement leads to a slow elastic modulus gaining in early age. And an improved toughness in fly ash concrete has been reported in some literatures [4] .
In lower w/c ratio mixture, the effect of w/c ratio is more dominant than the effect of the fly ash content, so the increasing amplitude of cracking age with different fly ash content in lower w/c mixture is smaller.
The effect of fly ash on concrete depends on its particle size, composition and the external influences. It is well known that the finer the particle size, the sooner the reaction taking place. It may be the reason for the specimens contains Grade Ⅱfly ash having a better cracking property than that of Grade Ⅰ.
It is well known that in the low w/b ratio mixture, not all the cement particles take part in hydration, so to a certain concrete strength and a certain amounts of cementitious material, there is a critical fly ash content, increasing fly ash content does not mean strength decreasing under this critical content. The utilization of fly ash not only improve cracking properties of SCC mixtures, but also optimize its workability, reduce permeability and heat of hydration, it seems that a high volume of fly ash can adopt in SCC mixtures. Fig.7 shows the cracking age of the specimens is not significantly affected by the BFS content. With the increasing of the BFS content, the increasing amplitude of the cracking age is slight. In Fig.8 , the cracking age of specimens with 20%, 40% fly ash blinded with 10% BFS is the same as these without BFS. To draw a conclusion for the overall effect of BFS on cracking age, a further research is needed. 
Effects of type and dosage of superplasticizer
There are four different superplasticizers used in the test, the "SH" is a poly-acrylates superplasticizer, the "TJ" and "FJ" are naphthalene-based superplasticizer, and the "PK" is a melamine-sulphonated polymer superplasticizer. The dosage of superplasticizer used in the test according to the SCC mixtures in local practical applications.
The test results are presented in Fig.9 , it indicates that the specimens with high dosage of superplasticizer have a slightly higher cracking sensitivity, and different superplasticizer effects the cracking age in different way, the effect of the superplasticizer type is stronger than that of the dosage. The effect of the superplasticizer is determined by its particular ingredients and molecular structure, so more intensive research is needed. To reduce the risk of cracking, it is necessary to select a lower cracking sensitivity superplasticizer and suitable dosage in SCC mix-design.
3.3
Effect of cement on cracking age Five cements used most frequently in local market were bringing into comparison. The typical ingredients of local cement [P.O42.5-2 (SNLS), P.O32.5-2 (SNJF)] are presented in Table1, the clinker composition of the P.O42.5-2 (SNLS) and the P.O32.5-2 (SNJF) are presented in Table. 2, the typical compound compositions for Portland Cement of ASTM and JIS are present in Table. 3, 4 for comparing [5] [6] .
The results are presented in Fig10. The test includes two batches of paste. In Fig.10 , the "cement" is pure cement paste, and the "cement + 20%" FA is a paste with 80% cement content and 20% fly ash content by weight. The results show that the cracking ages of specimens with different cements are different distinctly, in general cement with a higher strength grade has a higher cracking sensitivity, fly ash as a supplementary in cementitious can improve the cracking properties, but the effects are different with different cement. The properties of cement is determined by its compositions and fineness, it has been reported that the fineness of cement and the C 3 S content have considerable effects on the cracking properties of concrete, and then the C 3 A and alkali content, coarse-grinded cement with a low Blaine surface area is reported have a good cracking properties [7] . In Japan, SCC mixtures usually produce by low heat cement with a low C 3 S and high C 2 S content [6] . From  table 2, table 3, and table 4 , we can see the local P.O42.5 cement has a higher C 3 S content and fineness than the "normal" type in the standards of ASTM and JIS, while the P.O32.5 is similar with them. 
CONCLUSIONS
Based on the test, the following conclusions can be obtained. − Cracking sensitivity increases in lower water to cement ratios, the lower w/c the higher cracking risks. W/c is an important influencing factor on cracking sensitivity in SCC cemetitious systems. − Fly ash content has a strong effect on the cracking age in ring test. With the increasing of the fly ash content, there is a significant increase in cracking sensitivity, the increasing amplitude is larger in the higher w/c mixtures than that in the lower w/c mixtures. − The blast furnace slag tested in this paper did not show strong effect on the cracking age, more research is needed to draw a conclusion about the BFS and the blended mineral fillers' effect on cracking sensitivities of SCC. − The effects of superplasticizer with different dosage and different types are not same, there is a potential of higher cracking risk in higher dosage superplasticizer, and it is necessary to select low cracking risk superplasticizer to reduce cracking because the types of superplasticizer is a relative stronger influence parameter.
− The cracking properties of different cement are different. − In this paper, the results suggested that water to cement ratio, fly ash content and cement type (strength grade) are main factors influencing the cracking age, and these parameters must be considered in the mix design procedures to product SCC of low cracking risks. − It is seems that the SCC mixtures contain low water to cement ratio, high cement content has a high cracking risk, it is necessary to pay more attention to the cracking properties of SCC.
